Abstract Investigations into symbioses may be important in order to analyse the grade of stability in ecosystems. Host-cleaner relationships were investigated in two localities of the Mediterranean Sea: Giglio (Tuscany, Italy) and Banyuls-sur-Mer (France). The cleaner wrasse, Symphodus melanocercus, was the main cleaner. Supplementary cleaners, such as the young of several wrasses, Symphodus mediterraneus, Symphodus ocellatus, Symphodus tinca, Coris julis and Ctenolabrus rupestris, are able to help out in times when there is a shortage of cleaners. Differences between the localities were obvious by a greater fish (host) density in Banyuls, which is probably due to eutrophication and might improve and increase cleaner activities. Regarding two seasons, spring and late summer, the fishes presented a lower degree of activity in Giglio, but a higher one in Banyulsin late summer compared with spring. The main hosts were Chromis chromis, Symphodus tinca and Coris julis; additionally Diplodus sargus in Banyuls and Apogon imberbis in Giglio. Chromis chromis may be a key host species because of its distribution in large groups in the whole Mediterranean; Coris julis is of similar abundance. Symphodus melanocercus additionally came into contact with Symphodus tinca in order to partake of the food of the peacock wrasse. During cleaning activities, Diplodus sargus and other sparids present hesitant behaviour, where the cleaner probably picks more than parasites (skin, scales?) from the body surface. Apogon imberbis (which prefers dark habitats such as caves) totally rejects the main cleaner but was cleaned exclusively by Coris julis which, unlike Symphodus melanocercus, is regularly present near cave entrances. The investigations may present models of the evolutionary processes on specialised partnerships in ecosystems.
Introduction
Cleaner fish symbioses are widespread in the sea and maybe in fresh water as well (Losey et al. 1999; Zander et al. 1999 ). This mode of symbiosis represents either facultative or obligatory mutualism, or even a type of parasitism. In the tropic Indo-Pacific the labrid Labroides dimidiatus is an obligatory cleaner fish, whose territories become cleaner stations (Randall 1958) ; at other localities different fish species can play this role, for instance, the labrid Oxyjulis californicus on the American west coast (Hobson 1971) , the gobiid Elacatinus oceanops in the Caribbean (Eibl-Eibesfeldt 1955) , and the labrid Symphodus melanocercus in the Mediterranean (von Wahlert and von Wahlert 1961; Heymer 1972) . Three labrids may function as cleaners in the temperate NE Atlantic: Ctenolabrus rupestris, Symphodus melops and Centrolabrus exoletus (Costello 1991) . If several cleaner fish species co-occur, these may play the role either of main or of complementary cleaners (Zander and Nieder 1997) .
The advantage for the cleaner is in getting an easily attainable prey from a living substrate (the host) which may approach the cleaner in order to become free of parasites. When host density is high, parasites, especially copepods and isopods (Senn 1979; Gorlick et al. 1987) , are sufficient prey for cleaner fish. In other cases, cleaners are forced to search for additional food. This additional food can consist of planktonic or benthic organisms but can also be skin and scales from the host (Losey 1972 (Losey , 1987 . This kind of parasitism can also be observed as the only way of foraging in some cleaner mimics, such as the blenny Aspidontus taeniatus (Eibl-Eibesfeldt 1959) .
Symphodus melanocercus, supported or substituted by several other labrid species, is the main cleaner fish in the Mediterranean (Zander et al. 1999) . Where Symphodus melanocercus is absent, especially in the eastern Mediterranean, young Thalassoma pavo play an increasingly important part as cleaners (Moosleitner 1980) , whereas this species is not present in the colder NW Mediterranean. Symphodus melanocercus males have permanent territories which function as cleaning stations, but in contrast to other Symphodus species, they do not care for their spawn (Almada et al. 1999) .
Our investigations into cleaner symbioses were focused on localities in the western Mediterranean: Banyuls-sur-Mer (Golf du Lion, France) and the Isle of Giglio (Tyrrhenian Sea, Tuscany, Italy) (Zander and Nieder 1997; Zander et al. 1999) . The aim of the present study was to find out whether these two localities might differ in the number of cleaner species involved, in cleaning activities and, additionally, in the possible influence of different seasons. Special attention was paid to the feeding behaviour of the cleaner wrasse Symphodus melanocercus and to possible preferences and specialisations between cleaner and hosts.
Materials and methods
The study was performed in two localities of the western Mediterranean Sea: Banyuls-sur-Mer (Golf du Lion, France) in June 1999 and the island of Giglio (Tuscany, Italy) in September 1999. Former studies at Giglio in June 1994 (Zander and Nieder 1997) and at Banyuls in September 1996 (Zander et al. 1999 ) are included in order to compare seasonal influences at the two localities.
The observations were performed with the help of SCUBA in water depths of 9-16 m. The habitat at Ile Grosse off Banyuls is dominated by rocks with steep walls which rise 3-8 m above the bottom. The gaps between the walls are filled with pebbles and smaller boulders or sand (Zander 1996) . The rocks are overgrown by calcareous algae which build, especially in shadowy places, the "coralligene": an underwater formation consisting of many caves ranging from small to tiny. The habitat of "Tralicce 3" off Giglio Campese is built up by a disused ore-shipping installation with a stone base of 10 m 2 which extends down to a sandy bottom, ranging from 9 m (coastside) to 15 m (seaside) (Zander and Nieder 1997) . The stone base is made of large blocks, now partly missing and allowing access to caves in the interior. The foot of the base is covered by boulders, and debris creates a richly structured habitat with many small caves.
Benthic and suprabenthic fish in depths of 9-15 m were estimated visually according to four classes of abundance: 1 = rare (1 specimen or fewer per 50 m 2 , 2 = moderate (2-5), 3 = common (6-20) , and 4 = numerous (>20 specimen per 50 m 2 ). The activities of cleaners and hosts were observed during 24 (Banyuls) and 23 (Giglio) temporal units of 5 min each. Every contact, posing of hosts, approach to hosts by cleaners, cleaner picking on hosts, on substrate or on ejaculates of other labrid species as well as other behavioural activities, were recorded on a plastic slate.
The data were evaluated with the usual statistical parameters and tests such as mean (x) and standard deviation (σ), mean error (m), variance analysis (F), Students test (t), correlation coefficient for regressions (r) and test for homogeneity (χ 2 ).
Results

Feeding activities of Symphodus melanocercus
The analysis of the feeding behaviour of Symphodus melanocercus during the 5 min observation units reveals that picking on hosts was the most frequent activity at both localities (Fig. 1) . Picking on the substrate was frequent only at Banyuls, whereas persuading Symphodus tinca and ingestion of ejaculates of this species played a minor role at that locality. A minority of cleaner fish did not show any feeding activity at Banyuls in late summer. Many of the cleaner wrasse from Giglio fed on the ejaculates of Symphodus tinca, but a similar number did not feed at all. An analysis of variance showed that the rows of values were homogeneous [F(2, 9)=0.24; P<0.05].
Generally, hosts were more frequently approached in Banyuls in spring than they were in summer, and more frequently in Banyuls than they were in Giglio. The number of approached host individuals per 5 min ranged from 7.3 to 9.8 at Banyuls and from 2.6 to 4.1 at Giglio. The numbers of cleaner pickings were about 12 in Banyuls and 2-2.5 in Giglio (Fig. 2) . The fluctuations of host numbers of the respective spring and summer values did not differ significantly, whereas values from Banyuls and Giglio clearly do (m/m diff >3). The pattern of picking per 5 min is similar, differing between localities (m/m diff >3) but not between seasons. The number of approached host species, however, did not differ to the same extent as the other parameters. Significant differences occurred at Giglio between spring and summer (m/m diff >3), and between Giglio and Banyuls in summer (m/m diff >3). Figure 3 shows the frequencies of approaches to single host species. Symphodus tinca, Coris julis and Chromis chromis were the most frequently approached host species. Additional hosts were Diplodus sargus in Banyuls and Apogon imberbis in Giglio. An analysis revealed that variances with respect to both seasons and localities were homogeneous [F(57,18)=0.11; P<0.05]. 
Host preferences of Symphodus melanocercus
The number of observed host species in the investigation areas was generally about 25, except for Giglio in summer when 36 species were observed (Table 1) . Some species showed clear local differences in abundance. Diplodus sargus was rare in Giglio, while Apogon imberbis was absent in the investigated habitat off Banyuls. Furthermore, the labrid Ctenolabrus rupestris, which only occasionally cleaned, was present solely in Banyuls; Thalassoma pavo and Symphodus doderleini occurred only in Giglio. Rare species may have been overlooked during the investigations.
The regression of host abundance to the frequency of approaches or picking by Symphodus melanocercus showed different results. The frequency of approaches was mostly positively correlated with the fish abundance while, on the other hand, the frequency of pickings was mainly not. Both values, approaches as well as pickings, were not correlated from Giglio in spring, which indicates a preference for distinct hosts (approaches vs picking: r=0.55 vs 0.47, df=10, P>0.05) (Fig. 4a) . The other three cases reached significance for potential fish species both those present and those approached, but the picking frequency was not correlated in Giglio in summer (r=0.72 vs 0.47, df=15, P<0.005 vs >0.05); or in Banyuls in spring (r=0.85 vs 0.55, df=11, P>0.001 vs >0.05). The shallow regression line indicated a reduction in the success of cleaning (Fig. 4b, c) . In summer, the Banyuls fish guilds seemed to be cleaned in accordance with their abundance (for both: r=0.93, df=11, P<0.001) (Fig. 4d) .
The success of cleaning by Symphodus melanocercus differed from host to host, following approaches made to them (Fig. 5 ). In general, the success of cleaning was Table 1 ). Coris julis, Symphodus ocellatus or, at certain times, Symphodus tinca. The quantitative analysis of approaches and picking of single host species revealed topical differences at both localities (Fig. 6a, b) . Generally, these values were higher in Banyuls than in Giglio, with the exception of approaches to Chromis chromis in spring. A second apparent difference is that the picking values in Banyuls are usually higher in summer, but in Giglio they are higher in spring. Only Symphodus mediterraneus in Banyuls and, to a lesser extent, Serranus scriba in Giglio, dis- Fig. 5 Parts of cleaning success and failure of Symphodus melanocercus after contact to 10 host species in two localities and in two different times of the year higher in Banyuls than in Giglio (t=2.58, df=3, P<0.05) . In the most cases of avoidance the hosts were not ready to be cleaned, Apogon imberbis even rejected Symphodus melanocercus totally. Chromis chromis, Serranus scriba and Symphodus tinca also avoided approaching cleaner wrasses to a greater degree in Giglio. However, posing hosts were also avoided by Symphodus melanocercus, in particular Coris julis but additionally Serranus scriba or Chromis chromis (Fig. 5) . Nevertheless, greater success (>80%) was evident in hosts such as Serranus cabrilla, Chromis chromis, Oblada melanura, played the opposite trend. The differences between seasons were significant in Giglio (approaches: t=2.6, df=11, P<0.05; pickings: t=3.4, df=6, P<0.01) . In Banyuls, however, the seasonal differences of approaches were not significant because the values of the most frequently persuaded hosts, Symphodus tinca and Diplodus sargus, were the inverse of those of the other hosts (t=0.9, df=8, P>0.1). The increase in picking values from spring to summer was also significant (t=2.4, df=8, P<0.05).
Complementary cleaner
A low level of activity of complementary cleaners such as Coris julis, Symphodus ocellatus females, Symphodus tinca juveniles and Symphodus mediterraneus (once only) was observed in Giglio. A compilation of spring and summer values presents the great success of these cleaners -as much as 100% in the case of Coris julis and the speleobiont host Apogon imberbis (Fig. 7) . The result differed from that of Symphodus melanocercus, which was totally avoided by Apogon imberbis (Fig. 5) . Both cleaners used different ways approaching this host: Symphodus melanocercus always swims from behind onto the tail; Coris julis appears in front of the head of the cardinal fish (Fig. 8) . The variance analysis of success and avoidance was, in four partnerships, homogeneous [F(11,8) 
Posing positions of hosts and special behaviour of cleaner
The posing positions from all observations are compiled in Fig. 9 . Apogon imberbis always posed straight downwards before Coris julis. A great variety of positions were presented by the labrids Symphodus tinca, which preferred to pose downwards, and Symphodus mediterraneus with nearly equal occurrences of upward and downward positions. All hosts displayed very heterogeneous positions. Diplodus sargus posed mostly downwards, Chromis chromis and Coris julis mostly upwards. Unexpectedly, Mullus surmuletus only presented a straight upward position in Giglio in summer 1999, whereas formerly and also in Banyuls, only a horizontal position had been observed. Remarkably, the two Serranus species clearly differ in preferring either the horizontal (Serranus cabrilla) or the inclined upward position (Serranus scriba) (Fig. 9) . χ 2 -tests as regards all positions demonstrated inhomogeneity for all hosts (P<0.001), but comparisons between upward or downward positions of Diplodus sargus and Symphodus mediterraneus were homogeneous (P>0.05).
The extreme straight upward or straight downward positions were found in Chromis chromis and the labrid species in high ratios. All Apogon imberbis were positioned straight downward, whereas the other species showed rather different positions (Fig. 9) .
A special behavioural trait was observed in Symphodus melanocercus: a manifold turning around the longitudinal axis in a horizontal position. Its proportion within the 5-min standard units was 16% (spring) and 10% (summer) in Banyuls, 4% (summer; no data from spring) in Giglio. A similar movement, but in a vertical position, was displayed when males were courting in front of females. 
Discussion
Topical and seasonal differences Reports on cleaner symbiosis in the Mediterranean reveal several geographical differences (Moosleitner 1980; Zander and Nieder 1997; Zander et. al. 1999) . In many areas Symphodus melanocercus plays the dominating role within the cleaner guild and is called the main cleaner, whereas other labrids which only occasionally clean are called complementary cleaners (Zander and Nieder 1997) . A large number of Symphodus melanocercus spend most of the time involved in cleaner activities but also ingest additional prey from the substrate in Banyuls, especially in spring, as do other labrid species. This behaviour was not observed in Giglio despite the cleaning activity being lower there.
Regarding the possible host spectrum and their densities, fish communities in the shallow Mediterranean can comprise as many as 52 species (Abel 1962) . In summary, of the number of species from the respective spring and summer investigations, 38 fish species were found in Giglio and 26 in Banyuls. The fish community of Giglio was probably richer because the habitat was more diversely structured through the existence of caves of different sizes. Chromis chromis, Symphodus tinca and Coris julis were the main hosts, and, additionally, Diplodus sargus in Banyuls, and Apogon imberbis in Giglio. Chromis chromis appears very frequently elsewhere in the Mediterranean -as was observed off Naples (Italy) (Abel 1962) , Chalkidike (Moosleitner 1980) , Crete (Greece), Malta, Mallorca (Spain) and Adria, off Dubrovnik (Croatia) (Zander and Nieder 1997; C.D. Zander, unpublished) . Therefore, this species might present a rich source of parasites overall which, in turn, could attract cleaning activities. The number of approaches of Symphodus melanocercus to Chromis chromis was unexpectedly lower in Banyuls in springtime than in Giglio, obviously due to the breeding activities of this host which were seen to often chase the cleaner away from their nests (see also Abel 1961) . Thus, the compensation for the lower availability of Chromis chromis at this time may be the reason for the increase in numbers approaching Symphodus tinca and Diplodus sargus in spring; this was in opposition to the general trend in Banyuls: higher values in summer than in spring to most of the hosts (Fig. 6b) . This trend seems to be plausible, as a consequence of better availability of most fish hosts after the breeding season. This is underlined by the higher picking numbers with respect to Symphodus tinca and Diplodus sargus in summer, when approaches to these species are lower. Unexpectedly, the inverse situation was found in Giglio, where the number of approaches as well as the number of pickings were even lower in summer than in spring (Fig. 6a) . This was also clearly reflected by the respective success of cleaner activity of Symphodus melanocercus in these two localities and seasons. The reasons for these differences are not yet clear: a somewhat reduced infestation by parasites may be a possible cause.
Generally, the density of hosts was lower at Giglio than at Banyuls, with the exception of Chromis chromis, apparently due to the lower productivity in this part of the Mediterranean (Estrada et al. 1985) . This was obvi- Fig. 9 Ratios of different posing positions of 12 host species combined from both localities, Giglio and Banyuls, and both seasons, June and September
Apogon imberbis totally refused all approaches of Symphodus melanocercus, but tolerated all approaches by Coris julis which presented unambiguous situations. In this way, the results of Zander and Nieder (1997) were confirmed by a larger set of observations and are interpreted as the specialised association between cleaner and host. One such association may be caused by a more abundant presence of the rainbow wrasse near entrances of caves where Apogon imberbis lives. Another known specialisation from the Mediterranean and the eastern Atlantic area is that between shrimps and muraenids which were not cleaned by fishes (Moosleitner 1980; van Tassel et al. 1994) . Coris julis is also involved in cleaning conspecifics and probably substitutes the often displayed avoidance of and by Symphodus melanocercus. Rainbow wrasse usually live together in groups of several numbers and of varying sizes and therefore may be easily reached by conspecific young.
Regarding sets of teeth, Symphodus melanocercus is better adapted for cleaning than other Symphodus species; and far better than other Mediterranean labrids including Coris julis (Casimir 1969 ). If we look at the sets of observations, Symphodus melanocercus is especially attracted to large species like Diplodus cervinus and Labrus merula and also to some middle-sized species like Mullus surmuletus and Serranus spp. (Zander et al. 1999) . However, these hosts hesitated during approaches of the cleaner wrasse and, consequently, caused a high ratio of avoidance. In particular, the sparid species behaved very reservedly toward Symphodus melanocercus and often withdrew from the posing position if the cleaner came in contact; however, in many cases they reestablished the position again. The picking action seemed to be a painful one, because it mainly caused the sparid hosts to wince. They can probably be hurt by the pickings, as is known to be the case in Hawaiian cleaner fishes, Labroides phthiriophagus, which also feed on scales and mucus (Losey 1972 (Losey , 1987 .
A concept which takes into account the posing positions with their different slopes possibly explains the gradually diverse preferences of cleaners by their hosts. According to Casimir (1969) the degree of inclination indicates the appetitive behaviour, which is greater the steeper the slope is. According to this author, Symphodus melanocercus prefers the steeper-posing host to the others. Applied to the present investigation, seven hosts, including all Symphodus spp., displayed the extreme positions in around 33%. Chromis chromis and Symphodus rostratus range about 50%, Apogon imberbis even poses (only in front of Coris julis) exclusively with its head straight down. In contrast, Mullus surmuletus, Diplodus sargus, Oblada melanura and the Serranus spp. display the extreme positions only in very few instances or not at all. However, because the latter are the preferred host of Symphodus melanocercus, a coevolution cannot be acknowledged between them. In contrast, the association with Symphodus tinca is a very narrow one because the cleaner wrasse persuades the larger species in order to participate in the prey ejaculates and comes in close contact 240 ous from the different depths of sight in Giglio (20 m and more) and in Banyuls (5-10 m). Therefore, it is consistent that the number of hosts approached and the number of cleaner pickings are higher in Banyuls. The decrease in these values is less important in late summer, as is the decline in the number of approached host species, which was actually similar in both localities in spring. In contrast, the rare occurrence of sparids was conspicuous in Giglio: Diplodus sargus, one of the most abundant species in Banyuls, was only found by single specimen. This may be the result of a richer supply of benthic algae, which is needed as food by young sparids in Banyuls (Bauchot and Hureau 1986) .
In spite of lower host density, the number of successful approaches was also lower in Giglio. This may result from lower infestation by ectoparasites in this area, which probably causes the cleaner wrasse to ingest larger amounts of food from the substrate. But this assumption does not agree with our results, because only feeding on ejaculates of Symphodus tinca, and no substrate feeding, was observed. The reason for the relatively high proportion of non-feeding Symphodus melanocercus was probably due to the lack of observation at times when such feeding activities take place, maybe beginning at dawn. Another possibility may be occasional plankton feeding by this species. These assumptions need to be checked by observations throughout the day. Differences in feeding activities are also known from the Indo-Pacific cleaner wrasse Labroides dimidiatus from different localities (Grutter 1997 ).
Specialisation of cleaner and hosts
The approach and picking activities of Symphodus melanocercus can reveal some affinities to single host species. Most approach activities in the two investigated localities at different seasons were correlated with the abundance of potential hosts, but most picking activities were not. This indicates that the behaviour of the host clearly influences the cleaning success of the cleaner. Zander and Nieder (1997) found that Symphodus melanocercus had lower success in Giglio than did the complementary cleaner species Symphodus tinca, Symphodus ocellatus and Coris julis. Complementary cleaning was rarely observed in Banyuls, and then mostly by Coris julis. As a consequence, the activities of Symphodus melanocercus might have resulted in a greater success in Banyuls than in Giglio; this success even increased from spring to summer. This is emphasised by the seasonal comparison of six hosts, including Chromis chromis, from both localities in which these activities increased from 68 to 100%. In contrast, the reverse trend was found in Giglio by three hosts, Serranus scriba being an exception. Even Chromis chromis was rejected by the cleaner at a low ratio, which increased the total ratio to 55% in summer. However, probably only in combination with direct observations, are these results of success or of failure suited to the recognition of specialisations.
with the head of the larger species, where ectoparasites may be concentrated (Zander and Nieder 1997; Zander et al. 1999) . Only two cleaning activities were performed on Symphodus tinca by Symphodus ocellatus females.
The role of Symphodus melanocercus is that of the main cleaner species in the Mediterranean. This is emphasised by special behaviour which is not observed in the complementary cleaner species: the manifold turning around the longitudinal axis (Zander et al. 1999 ). This behaviour could be derived from courtship behaviour. It is an advantageous releaser in order to attract the attention of potential hosts. In spite of all adaptations, Symphodus melanocercus is still far from being a professional cleaner like Labroides dimidiatus in the IndoPacific, whose source of food is exclusively ectoparasites (Grutter 1996) . It is assumed that there may be a geographical cline from tropical to boreal regions where fishes with this role were only occasional cleaners (Zander et al. 1999) . A similar situation to that in the Mediterranean may exist off the coast of California, where the labrid Oxyjulis californicus is the main cleaner. Additionally, there are also similarities in its colouring with that of the Mediterranean Symphodus melanocercus (Hobson 1971) .
